Introduction: This study assessed income-related health inequality and health achievement in children in China, and additionally, examined province-level variations in health achievement.
Introduction
Since reforms started in 1978, China has experienced unprecedented economic growth. The economic boom has been accompanied by dramatic advances against extreme poverty. However, the benefits of growth are not distributed equally [1] [2] [3] . These inequalities in income between urban and rural areas, and between eastern and western regions have widened substantially [3, 4] . Increasing income inequality may affect society and economic development in many ways [5] . In this paper, we focus on a particular aspect of health. Although health gains have continued, it is obvious that the evaluation of reform achievements need to take into account not only the average level of population health but also health inequalities [6] . The unequal distribution of health potentially adversely affects labor supply and productivity of lower income households, and consequently, may further exacerbate income inequality [7] .
Children represent the future for society and are an important resource for sustainable development. Understanding the determinants of child health is important because health in childhood affects human capital accumulation and labor market status in adulthood [8] [9] [10] . Therefore, promoting children's health and diminishing health inequality has become an important policy priority for the Chinese government.
A large portion of the existing literature mainly focusing on developed counties shows that family income is positively related to children's general health in the United States [11, 12] , United Kingdom [13] , Canada [14] , Germany [15] , and Australia [16] . However, little is known about the relationship between family income and child health in most developing countries. Wagstaff et al. [17] found inequalities in stunting among young children in Vietnam in both 1993 and 1998. Uthman [18] measured socio-economic inequality in Nigerian children under-five years of age using the extended concentration index and health achievement. Arokiasamy and Pradhan [19] explored income-related health inequality among Indian children. These studies consistently demonstrate a significant association between socio-economic status and child health outcomes.
Much of the prior literature on health inequalities in children in China has focused on health disparities between urban and rural areas. Shen et al. [20] used five sets of cross-sectional data between 1975 and 1992 and found that height differences between urban and rural children had increased since China's Reform and Opening Policy. Luo et al. [21] examined the differences in height and body mass index for children in urban and rural areas in Hunan province and found that urban children were significantly taller and heavier than their rural counterparts in the 1990s and 2000s. Hejun and Yunping [22] examined income-related inequality in rural China using data from the 2004 and 2006 China Nutrition and Health Survey (CHNS) and found children of high-income families had better health status than those of low-income families. Chen et al. [7] and Liu et al. [23] , using the 1989 to 2000 and 1989 to 2006 CHNS, respectively, analyzed urbanrural childhood malnutrition and supported the conclusion that inequality existed, but has been declining. All of the above literature related health inequality to individual (household)-level characteristics, such as age, gender, head's education, household income, accessibility, ruralurban gap, and road accessibility. There has been a paucity of literature that assesses province-level health inequality and health achievement in Chinese children, thereby leaving them open questions. It is still unknown how health achievement for children is related to macro-level indicators (i.e. province's economic performance, demographics and local government health spending). This paper aims to fill this gap in the international literature.
Our study will build on prior research by adding to the literature in two distinct ways. First, we will use the health concentration and health achievement indices to examine income-related health inequality and health achievement in children, respectively. Our study will use data from the last two decades, a period of unprecedented economic growth. In this study, the health of children will be measured in terms of height-for-age z-scores (HAZs). Second, we will examine the impact of province-level characteristics (i.e. demographic, economic and local government health spending) on the variation in health achievement in children.
The paper is structured as follows: the next section will describe the methodology, data, and variables. Section 3 reports the empirical results. A discussion of our study findings is reported in Section 4, and Section 5 provides a brief conclusion.
Methods

Methodology
This section summarizes two common measures of inequality: the concentration index; and health achievement.
We follow this opening discussion with an outline of the empirical strategy proposed to examine province-level variations in health achievement over the last twenty years ).
Measures of income-related health inequality and health achievement
The concentration index was first introduced to measure health inequality by Wagstaffet al. [24, 25] . Building on the Lorenz and Gini coefficients, the concentration index is widely used for measuring income-related health inequality, and provides a means of qualifying the degree of income-related inequality in a specific health variable [7, 18, 22, [26] [27] [28] . Denote h i as ill health indicator for i th child. In our study, ill health is the negative of the height-for-age z-score. N = {1, 2, 3…. n} as the sample size, μ as the sample mean of h, and R i as the fractional rank in the living-standards distribution for individual i. Then the concentration index of h, denoted as C, is calculated as shown in equation (1) . Within this framework, a measure of inequality in ill health is given by C. The value judgments implicit in C are seen most easily when it was rewritten in an equivalent way as shown in equation (2) . The quantity (h i /nμ) is the share of ill health suffered by i th child. This is then weighted in summation by twice the complement of the person's fraction rank, that is, 2(1-R i ). Thus, the poorest person's ill health share is weighted by a number close to two. The range for C is from −1 to +1. The concentration index is frequently applied to measures of ill-health for which a negative concentration index indicates that illhealth (stunting) is more concentrated among children living in poorer families.
Wagstaff [29] , in referencing Yizhaki's [30] extended Gini coefficient, designed the extended concentration index (Equation 3). The weight attached to the i th person's health share (h i /nμ) is now equal to v(1-R i ) (v-1) where v represents the inequality-aversion parameter. When v = 1, everyone's ill health is weighted equally. When v = 2, the weight is the same as in the regular concentration index; thus C(2) is the standard concentration index. The weights vary depending on the degree of inequality aversion (v). A higher level of v decreases the weight on higher wealth groups and increases the weight on the lower wealth groups. C(v) ranges between −1 and +1 and it takes negative values when ill-health outcomes are disproportionately concentrated among the poor.
The measure of "achievement" proposed by Wagstaff [29] combines the average level of health and inequality in health between the poor and the better-off. It is defined as a weighted average of the health levels of the various people in the sample, in which higher weights are attached to poorer people than to better-off people. Clarke and Hayes [31] compared changes in prevalence of various cardiovascular risk factors and absolute inequality in the distribution of these factors in Australia. They used the achievement plane which could track changes in health and inequality over time. Meheus and Van Doorslaer [32] analyzed trends of measles immunization coverage in the 1990s for 21 developing countries using the achievement index. Achievement can be measured by the index in equation (4) [29] . I(v) is equal to the equation (5), in which the mean level of ill-health is multiplied by one minus the extended concentration index. In our study, the health indicator is ill health (the negative of the HAZ) and C(v) < 0 (ill health is higher among the poor), a lower value of I(v) represents greater achievement.
Regression model specification
In order to examine province-level variation in health achievements in China, we modeled the health achievements of nine provinces from 1989 to 2009 with a fixed effect regression model. The model is formalized in equation (6) .
Y jt is health achievement for province j at year t; X 1jt is a vector of demographic variables; X 2jt is a vector of economic variables; X 3jt is a vector of local government health spending. δ j is a time-invariant, provincial-specific error component. ε jt is an time-varying error component, clustered at the province level. We modeled timeinvariant, provincial unobserved heterogeneity as a fixed effect; that is, we allow δ j to be correlated with X jt . The Hausman test (1978) is performed to test whether the fixed effect model is favored in this study. The null hypothesis for the Hausman test is no difference between coefficients estimated in the fixed effect and random effect models.
Data
We used the CHNS data with eight waves in 1989, 1991, 1993, 1997, 2000, 2004, 2006, and 2009 . In this period, the Chinese economy moved from a central planning system towards a market model. Food rationing at controlling price and subsidized food coupons disappeared in the early 1990s, simultaneously money income became more important to obtain food, and therefore more important for child health [33] . This study selected this period ) to evaluate income-related health inequality and health achievement in China. The CHNS was a longitudinal survey collected by the Carolina Population Center at the University of North Carolina at Chapel Hill, the Institute of Nutrition and Food Hygiene, and the Chinese Academy of Preventive Medicine. The CHNS employed a random cluster sampling procedure to draw the samples from nine provinces in China, comprising Liaoning, Heilongjiang, Jiangsu, Shandong, Henan, Hubei, Hunan, Guangxi and Guizhou. In the first three waves (1989, 1991, and 1993) , Heilongjiang Province was not included. In the 1997 wave, Liaoning Province was excluded. Although the sampling frame for the CHNS does not comprise the whole country, it is broadly representative of the diverse regions of China. Moreover, the response rate was high (averaging 88%) for each wave of the CHNS [34] . The Child questionnaire of CHNS is completed for all children under age 18 by themselves, but for children less than 10 years of age a parent answers the questions on behalf of the child. Persons age 18 and older complete the adult questionnaire. The sample for this study comprises children aged 0 to 17.99 years. Starting with a sample of 20,486 child respondents, after excluding missing data, the final study sample comprised 19,801 observations. The macro-level indicators were obtained from China Statistical Yearbook [35] .
Variables
Height-for-age z-scores (HAZs) have been wildly used as measures for children health across countries and for children with different background within countries [7, 17, 18, 23, 33] . The z-scores are calculated as the difference between actual height and mean height divided by the standard deviation in the reference children population of same age and gender. We used the reference standards of the World Health Organization's (WHO) growth chart to compute HAZ. Generally, children whose HAZ is below minus two standard deviations of the median of the reference population are considered stunted.
Per capita household net income is regarded as an indicator to measure social and economic status. The CHNS collected detailed information on various income sources for households, including income from wages, agriculture, own business and public/private transfers.
Household net income has been expressed in 2009 Yuan prices (USD1.00 = CNY 6.824) using consumer price indices specific to each wave, province and country and divided by the household size.
There are three sets of province characteristics used to explain the variation in health achievement. Xu [27] and E Xie [36] identified the association between child health and economic factors, demographic factors and local government health spending. In our study, demographics indicators included the proportion of the population aged 14 and below, primary school enrollments, middle school enrollments, and the urbanization rate. The definition of the urbanization rate is the proportion of the urban population in total population. Economic indicators included inflation-adjusted per capita gross domestic product at 2009's constant price, the Engel's coefficient and the unemployment rate. The Engel's coefficient is the proportion of income spent on food. The unemployment rate is defined as the proportion of the official registered unemployment population in the total working population. Province government spending indicators included per capita public health spending at 2009's constant price, the number of health care institutions per 1,000 populations and hospital beds per 100,000 populations. Health care institutions include hospitals, primary care institutions, public health institutions, and other health care institutions. Figure 1 shows the trend of health disparities for boys and girls separately from 1989 to 2009. The raw general gap in HAZs persisted during this period. Boys had higher HAZs than girls. Table 1 shows that children's health is generally better for families in higher income quintiles. For example, the mean HAZ is −1.34 when family income is in the bottom quintile (the poorest group), and −0.473 when it is in the top (the richest group). The HAZ for each income quintiles was shown in Figure 2 . It had a positive income gradient, indicating that a greater share of health status was distributed among higher income families. 2009. Over this period, the average annual rate of growth was 56.57%. The mean health care institutional density per 1,000 people was 14.5, and hospital beds per 10,000 were 15.6.
Results
Descriptive results
Concentration index and health achievement
To gain further insight into income-related health inequality in children, Table 3 presented the concentration index and health achievement. First, consider columns (1)-(4) for the concentration index and the extended concentration index. Without any exception, the concentration index C(2), see column (1), was negative. The results indicated that the poor had a greater share of ill-health in China, which we refer to as 'pro-rich' inequality. Moreover, C(2) had substantial between-year variation, ranging from −0.099 in 1989 to −0.366 in 2009. Figure 3 presented the concentration curves of 1989, 2000, and 2009. The concentration curve was derived by ranking per capita household net income on the x-axis and plotting the cumulative proportion of illhealth on the y-axis. In the case of complete equality the concentration curve would lie on this diagonal and the value of the concentration index would be zero. In Figure 3 , three concentration curves lie above the diagonal. The curve for 2009 was higher than the other two. Figure 3 suggests that ill health became more concentrated among the relatively poor over the last two decades. In Table 3 , four degrees of inequality aversion were used from v = 2, 3, 4 and 5. As we mentioned before, raising the value of v above 2, the weight attached to the health of the poor increases. For example, the value of C(2) was only −0.366 whilst the value of C(5) was −0.569 in 2009. This result implies that increasing health inequality was found in the poor families. We took account of health inequality as well as the average level of health in the assessment of health achievement. In Table 3 consider columns (5) for health achievement. When we tracked changes over time, it showed that health achievement improved from 1.35 in 1989 to 0.514 in 2009. As expected, raising the inequality-aversion parameter v from 2 to 5 resulted in an increase in the health achievement indices, meaning that the level of "disachievement" became larger and larger as seen by moving from column (5) to column (8) . Table 4 reported the fixed effects regression of provincelevel characteristics associated with health achievement when inequality-aversion parameter was equal to 2. Demographics, economic indicators and provincial government health spending explained more than 95% of the variation in province-level health achievement, as indicated by the regression R
Regression results of province-level health achievement
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. Among demographic characteristics, more middle school enrollments were significantly associated with higher health achievement. Among economic indicators, higher GDP was significantly associated with health achievement (P = 0.049). Provinces with a higher proportion of urbanites had significantly greater health achievement (P < 0.0001). Among provincial government health spending indicators, and as expected, per capita public health spending was positively associated with health achievement (P < 0.0001). We controlled for time-invariant provincial characteristics heterogeneity via fixed effects.
Sensitivity analysis
As we mentioned, when the inequality-aversion parameter is equal to 2 (v = 2), the extended concentration index reverts to the standard concentration index. We looked at the I(2) as our base case. Table 5 reports province-level characteristics associated with I(3), I(4) and I(5) to Table 3 Concentration index, extended concentration index and health achievement of children examine how sensitive the results are to alternative values to v. Our results were very similar to the base case analysis. Health achievement was positively impacted by middle school enrollments, the urbanization rate, inflationadjusted per capita gross domestic product, and per capita public health spending. These findings suggest that our results were quite robust to the value of v selected. Only the health care institutional density variable had different regression results. Rising with v, the health care institutional density had a negative impact on province-level health achievement.
The base case analysis of the impact of province-level characteristics on health achievement in children is reflective to two influences: mean health and health inequality. It is difficult for an outcome to fully capture different influence pathways on health and health inequality. So we additionally investigated these two outcomes separately in Table 6 . We found that inflation-adjusted per capita gross domestic product simultaneously improved mean health and increased health inequality. However, the combined effect resulted in an improvement in health achievement. It was shown that per capita public health Hausman-test chi2 (7) =27.96*** 0.0002
Note: Authors' calculations from the CHNS data (1989, 19991, 1993, 2000, 2004, 2006 and 2009) . †P < 0.1, *P < 0.05, **P < 0.01, ***P < 0.001. Hausman-test chi2 (7) =27.71 *** chi2 (7) =26.82 *** chi2 (7) =25.67 *** spending not only improved mean health for children but also reduced inequality at the provincial level. We found a significant positive relationship between urbanization and children's health. At a marginal level of significance, the Engel Coefficient was negatively associated with the concentration index.
We ran a sensitivity analysis, fixed effects regressions of province-level characteristics with I(2), separately for children below and beyond 10 years of age in Table 7 , in order to check whether the results are dependent on whether the parents or the children themselves completed the questionnaire. We found the results from that the sample of children below 10 years of age was similar to the pooled sample.
Discussion
The present study showed that the average health status as measured by HAZs for children improved in the two decades following 1989. Our results were consistent with earlier studies [21] [22] [23] 33] . There are two potential (1989, 19991, 1993, 2000, 2004, 2006 and 2009) . †P < 0.1, *P < 0.05, **P < 0.01, ***P < 0.001.
explanations for the improvement in the health status of children. First, China's economic reforms have raised living standards. Food diversity and high protein food consumption increased considerably in both urban and rural China. Second, there have been significant improvements to China's health system that has enhanced access to preventive health services, especially for child and maternal care. However, we found good health is significantly concentrated among the higher end of the income distribution. A recent article by Goode et al. [38] found significant child health/family income gradients among Chinese children aged between 3 and 17, and these gradients strengthen with age until the age of 12.
Our study findings regarding the negative concentration index suggests that the poor had a greater share of illhealth in China, i.e. there was 'pro-rich' health inequality. An increase in the inequality-aversion parameter, the weight attached to the health of a poor person, resulted in an increase in inequality. Moreover, inequality widened over the last two decades. The findings of the current study are consistent with previous research on incomerelated children's health inequality in developing countries, such as Vietnam, Nigerian, and India. Wagstaff et al. [17] used data from the 1993 and 1998 Vietnam Living Standard survey (VLSS) and found inequalities in stunting (low height-for-age z-scores) amongst young children were due largely to inequalities in household consumption and to inequalities in unobserved determinants at the commune level. In Uthman's [18] study of childhood malnutrition in Nigeria, he found the concentration index, indicating socioeconomic inequality of under-five childhood malnutrition, was −0.147. This concentration index suggested that there were significant differences in under-five child malnutrition that favored the better-off in Nigerian society. Arokiasamy and Pradhan [19] found that below two years of age deaths have been significantly concentrated among the poor households in India.
The health achievement indicator allows us to capture both efficiency (i.e. average health) and equity (i.e. incomerelated inequality) considerations. Although children's health achievement in China has been improving over time, the pro-rich inequality component has lessened the associated gain in achievement. The larger the inequalityaversion parameter, the stronger the negative impact on health achievement. Although equity is an important goal of health policy, it is not the only goal. From the perspective of policy decision makers, they are likely to be willing to trade off increases in inequality against improvements in the average level of health [29] .
In our study, we found that there were substantial variations in health achievement across provinces in China. Provinces with better health achievement had greater enrollments in middle school. This suggests that health achievement tends to increase when provincial governments allocate more resources to education. Provincial health achievement was positively associated with urbanization. Our result is consistent with a recent article by Gong et al. [37] . Gong et al. found that health benefits continued to accrue to urban populations, who have better access to health services, education and higher incomes than their rural counterparts. The Growth of GDP is a double-edged sword as it tends to improve mean health status, but also aggravates health inequality. In our analysis, the combined effect of the growth of GDP was in the direction of improvements in health achievement. The negative correlation between per capita public health spending and health achievement is further strengthened by the finding that provincial government spending on public health significantly increased health achievement for children. However, we found that greater health care institutional density was associated with a worsening of health inequality, particularly rising with the inequalityaversion parameter. The potential explanation was greater take-up of health care services among higher income groups. Song [39] estimated income-related inequalities in health care use and found community health and medical services were actually widening inequalities in the health of children instead of providing protection.
Several limitations should be acknowledged. First, due to data limitations, we only used HAZs to measure child health. But stunting is only one of many important indicators of child health status. The CHNS data did not provide detailed child health indicators, such as under-2 child mortality. Second, our data set involved nine Chinese provinces, representing 42% of total population of China [35] . However, CHNS data provided us with a good opportunity to conduct a 20-year's study on trends in child health status and health inequality in China, and captures regions that are broadly representative of the whole country. Third, macro-level indicators used in our analysis were imperfect as some data were not available. Specifically, the provincial statistical office of China did not publish children-related macro data, such as children-related health care institutions and health expenditures just for children. Forth, although it would have been better if we had been able to use the percentage of school-age children enrolled and the percentage of graduates of primary schools entering middle schools, rather than the level of enrollment, only four years of data were available from all nine sample provinces. In order to retain all eight sample years, we used only educational variables in absolute numbers.
Conclusion
This study has provided evidence that average health status of Chinese children has improved from 1989 to 2009, but inequality widened. In other words: widening inequality slowed the growth in health achievement for children over time. Our results should be considered in the context of current and proposed Chinese government policy decision-making. It is clear that one way to improve health achievement is by increasing the mean level of health, while simultaneously reducing inequality. Although policy makers may trade-off improvements in equality against improvements in the mean of the distribution, they should take into account how far society is prepared to accept greater health inequality in order to achieve greater mean health status. We found variation across provinces in the magnitude of health achievement. Our study established that health achievement was positively associated with the distribution of income as well as improvements in education, urbanization, and medical and public resources. Future research should empirically test the conjecture that increases in income, education, and urbanization, as well as prioritizing efforts to reallocate medical and public health resources indeed lead to better health achievement in children.
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